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(54) Fbldat>letube 

<57) A toldable tUbo comprises a waD in wtiich at 
least ttvee elongate retaiively ftocable areas are present 
wNch areas fbrm plastic hinges which define a wan seg- 
inent that can be folded inwardly to bring the tube into a 
contracted shapa 
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Description 

Backoround d the hyention 

[0001 ] The irventkm relates to a foldabi e tJbe and to 
a method lor placing 8u<* a tube in a tubular cavity. 
[00021 ttte known to fold ftexUe hoses into a flattened 
shape in order to faoTrtate easy storage, for example by 
reeTng the flattened hose around a small diameter reel- 
ing drum. 

[0003] It is also known to insert weOtubulars in a con- 
tracted positk>n into a welbore and to expand the ti^- 
Itf downhole at the locatkxi where the tubular is to be 
used. Soynet patent specification SL>633825 discbses 
the use of an initial^ cornigated tube vvhich is expanded 
downhole into a tubJar shapa International patent 
i^pficfltioa piAilkation N& WO 97A)6345 dscto^ 
use or a flexaile waO tubular wh k;h Is Med Into a kidney 
shape during Hs descent through the weObore and 
whkii is inflated downhole to bring the tubiiar into a 
cyfindrical shape, whereafter the tubUar is polymerised 
to provide a well casing. IHs known tubular has an Y- 
shape and serves to provide a seal at the Junctton 
between a main well and a branch well Disadyantages 
of these known expandable corrugated and fleDdble foid- 
tubes are that they need to be relatively thin to 
altow an easy e^^Mnsion vvithin a borehole or other cav- 
ity and that the shape of the unfolded tube is not well 
defned. 

(9004] It Is an object of the present inventfon to allevi- 
ate the cfisadvantages of the known foklable tubes and 
to provide a toldable lube whk^h can be tokled and 
unflbUed relatively easily but wHch generates an 
expanded tUbe whfoh is robust and wNch has a well 
defined tubular shape. 

Smiwnarv of the Invention 

(0005] The fotiable tube acconfing to the invention 
corrprises a tubular wall having at least three efongate 40 
relatively fleodbie areas where the wal is more lleodble 
ttai other areas of the wall whk:h areas are oriented In 
a sUstanfialty paraSel direction relative to each other 
atong at least a substantial part of the length of the tube 
so that In use saki areas fdrm plastic hinges whfoh 45 
define a wafl segment that is inwaidly foUafale to bring 
the tube into a contracted shape. 
[0006] An advantage of the use of plastic hinges in 
accordance with the present inventfon is that they fock 
the unfolded tube in its tubular shape and that the tube so 
can be made cheaply by creating the plastic Nnges in 
the waH of a tube which has, apart from the plastic 
NngeSi a siintar wall strength and thkimess as a oon- 
ventfonal tube that woukj normafly be used in the same 
situatfon. ^ 
[0007] It is preferred that saki relatively flexfole areas 
are formed by trough-shaped grooves in the wall of the 
tube, which grooves are oriented in a parallel or helical 



direction relative to a fongrtudinal axis of the tube. 
[0008] Alternatively the relatively weak areas are 
formed by mutually parallel axial or helical rows of 
holes. These holes may pass through the wall of the 
5 tube or extend only partially into the outer or inner sur- 
face of the wall of the tube. 

[0009] It is also preferred that at least one set of four 
grooves is arranged in the wall of the tube such that 
each set of tour grooves defines a tube segment that 
10 can be fbfoed as a U-shaped recess inwan^ into the 
tube. The sMes of saki U-shaped recess miy even be 
folded towards each ottier in a delta-shape and the tips 
of the recess may be brazed together to fix the tube in 
its fokied shape unlfl a relatively low tensfon force is 
15 exerted to the brazed Joint 

[0010] ThetUMcanbefoUedtoahighdegreeofcon- 
tracb'on if two sets of four grooves are ananged sym- 
mebicaNy at opposite skies of the tite such that upon 
fokfing of the tube two delta- or U-shaped recesses are 
20 formed at Opposite skies of the tube. 

[poll] If the tube needs to be fofoable to a less high 
degree of oorrtraclfon then a single groove or a plastic 
Nnge fonned by a tuMe miv be arranged at one sUe 
and a set of tour grooves at an opposite side of the kmer 
25 wan of the tube. 

[0012] The latter embodiment of the tube according to 
tie Invention can be used as a weD liner at the gjncfon 
between a main well arxi a branch wed if a branch tifoe 
is secured around a window in the watt of the ti^e 
30 between said single growe arxj an adjacent groove of 
saki set of four grooves at sakl opposite sxle of the tUbe. 
[001 3] In that case the tube is towered through the 
main well towards the junctfon after fokfng the tube into 
its contracted shape. At the junctfon the tUbe Is then 
otpanded such that the branch tube is pushed into the 
entrance of the branch weH. 
[0O14] The tube according to the present inventfon 
can be made of any material which is ptaslically defarm- 
aUe such that the tube does not break as a result of the 
fokrmg and unfoking operatfons. 
(0015] Suitable materials are steel, in partkajlar form- 
able steel grades such as strength fow aBcy steels 
and dual phase steels, and plastic materials such as 
polypropylene and polyvinylchloride. 

Bfjaf riftcrripHnn flff Iho drawlnos 

[P016] The invention will be described in more detail 
and by way of example with reference to the accompa- 
nying drawings, in which 

Rg. 1 is a cross-axial sectional view of a fokiabie 
tube according to the invention which comprises 
two sets of tour grooves in the inner wall of the tube; 
Fig. 2 shows the tube of Fig. 1 at a somewhat 
reduced scale wherein the tube is fbkled into its 
contracted shape such that two U-shaped recesses 
are for med at opposite skies of the tube; 
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Fig. 3 is a aoss-anal sectional view of an alterna- 
tive enOodimem of the fbldable tube according to 
the present invention wherein a single groove is 
present at one side and a set of four grooves is 
present at an opposite side of the tii)e; s 
Fig. 4 shows the tube of F>g. 3 at a somewhat 
reduced scale wvherein the tube is loMed into its 
contracted shape such that a U-shaped recess is 
formed at the upper side of the tube; 
Fig. 5 is a cross-aidal sectional view of a toWable io 
tube aooofding to the invenfioo inside a well 
wherein the tube is provided witfi a branch tii>e 
which is inserted into the entrance of a branch weB 
upon downhole expansion of the foidable tit>e: 
Fig. 6 is a cross-axial sectional view of a foldabte is 
tube according to ttw present invention with a U- 
shaped recess at one side and a Nnge prwtded by 
a tUbule at tfte other side; 
Fig. 7 is a cross-axial sectional view of a foktaUe 
tube according to the invention which comprises 20 
three axial grooves at one side of the tube; 
Fig. 8 is a cross-axlat sectional view of a foktable 
tube according to the present invention where the 
folded tube and the U-shaped recesses have a 
delta-shape; and ^ 
Fig. 9 ia a cross-axial sectional view of a toldable 
tube according to the present invention wt^ere 
delta-shaped recesses are present at both sides of 
the tuba 

90 

pyteiittj description of th a Indention 



[00171 Referring to Fig. 1 there is shwm a foldafale 
tube 1 whi(*i conpriseB two sets of axial trough-shaped 
grooves 2-9 in the inner wan of the tubal. 35 
[00181 ng.l shows the tube 1 in its unfolded cylindri- 
cal shape and the grooves 2-9 each have a similar 
depth and width. One set of four grooves 2-5 has been 
machined into the inner wall at the xjpper side of the 
tube 1 and the other set of four (^ooves M has been 40 
machtfied into the inner waU at the lower side of the tU)e 
1. such that the two sets of grooves 2-5 and 6-9 are 
synwnetrfcal relativo to each other. The distances 
between the grooves 2 and 3. the grooves 4 and 5. the 
grooves 6 and 7 and the grooves 8 and 9 are equal to 45 

each other. 

[0019] Furthamwre the distance between the grooves 
3 and 4 IS equal to the distance between the grooves 7 
and 8 and the distance between the grooves 2 and 9 is 
equal to the distance between the grooves 5 and 6. so 
[0020] The symmetrical arrangement of two sets of 
four grooves 2-5 and 6-9 enables the tube 1 to be folded 
such that the wall sejpnents between the grooves 3 and 
4. 7 and 8. 5 and 6 and 2 and 9 are moved inwardly 
towards the centre 11 of the tube 1 as Bkistrated by ss 
anows 10 and the tube 1 obtains its contracted shape 

as is shown in Fig. 2. 

[0021] Fig. 2 shows how the relatively thin parts Of the 



tube 1 adjacent to the grooves 2-9, where the wall thick- 
ness is smaller than the wall thickness of other parts of 
the tube 1. act as plastic Nnges during the fotcfing pro* 
cedure. 

(00221 As a resun of the hinging action the grooves 3. 
4 and 7 and 8 open up whereas the grooves 2. 5. 6 and 
9 are larg ely dosed so that a first U-shaped recess 1 2 is 
fornied at the i;pper side of the tube 1 and a second U- 
shaped recess 1 3 is formed at the lower side of the tube 
1. The folded tubal shown in Fig. 1 has the shape d a 
rivet wtich has a signTcantty smaler outer width than 
the inner width of the unfolded tube shown in Fig. 1. 
Therefore the folded tube can be moved easily through 
the bore of a conduit or underground wel. even through 
nsrow passages formed by valvee and sharp curva- 
tures. 

[0023] Fia 8 6bow8 an alternative embodiment of the 
loidable tube aoconfing to the invention in which the 
tube 1 5 comprises a single axial groove 1 6 at the lower 
sde of the tube 15 and a set of four axial grooves 17. 
18, 19and20atthei4per8ideofthetube15. 
(00241 The grooves 16 and 17 and 20 have been 
macNned in the inner wall of tie tUbe 15 and the 
{^ooves 18 and 19 have been machined in the outer 
wal of the tube 15. 

(00251 The relattvety thin wall parts of the tube 15 
adSacent to the gprooves 1 6-20 fonm wa0 areas which are 
more flodble than other parts of ttte tube 15. The groove 
pattern shown m Fig. 3 altows the waB segment 
between the grooves 17and20tot)efoldedinwarcly in 
the direction of arrow 21 such that the tube 15 obtains 
the folded shape shown in Fig. 4. 
[00261 Fig. 4 shows that on folcfing of the tube 15 a U- 
shaped recess 22 is formed by the wall-segment of the 
tube 15 between the set of tour grooves 17-20 ai the 
upper side of the tU)e 1S The two relatively big waU 
segments of the tube 15 between the groove 16 at the 
lower side and the two outer grooves 17 and 20 at the 
i4per side of the tube 15 thereby pivot towards each 
other about the plastic hinge formed tiie at the bottom of 
ttie tube 15 near the groove 16. 
I0O27] Thetube158howninFig.4canbeunfoldedl3y 
moving an eoq^Mmsion mandrel in axial direction through 
the tube 15 andfor by inflating the tube 15. 
[0028] The unfolded tube 15 then obtains its cylindri- 
cal shaoe as is shown in Fig. 3 and the configuration of 
parallel grooves 16-20 wiB than lock the tube 15 since 
the wall segments between the grooves 16-20 form 
arches which win be subject to hoop stress if the 
hydraulic pressure outside the tube 15 is higher than the 
l^raufic pressure inside the tube 15. 
[0029] Fig.5&how5afoldabletube25whichissimilar 
to the loidable tube 15 shown in Figs. 3 and 4 inside a 
main well 26 in which a wen casing 27 has been 
cemented m place. 

(0030] The main well 26 passes through an under- 
^'ound formation 28 and a branch well 29 has been 
drilled through a window 30 in the well casing 27 later- 
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aHy svMiy from the main wett 26 into the formation 28. 
[0031] The tube 25 is made or steel and comprises a 
single groove 31 at Hs lower side and a set of four 
groo/es 32-35 at its upper skla A branch tUbing section 
36 has been welded to ihewaH segment or the tube 15 5 
between the grooves 31 and 32 around a window 37 
that has been machined in the wall of the tube 25. 
{0O32] The tube 25 has been moved in its folded con- 
tmcted position through the main wefl 26 until the 
branch tiising section 36 is located adjacent to the io 
entrance of me branch wen 29. 
[0033] ThenthetUbe25i8e99»ndedbyan«pansion 
mandrel into its cylindrical shape, which is iOustreted by 
brolw Enes 38 such that the branch Uing section 36 
is pushed through tie window 30 in the wel casing 27 is 
Irto ttie brancii well 29 as illus^ated by broken lines 39 
andtheamMf40. 

100341 An elongate breakable container 41 containing 
a seafing agent is ananged within the deKa-shaped 
recess formed between the set of tour grooves 32-35 at so 
the twer eide of the tube 25 wMch container is 
squaoEed between the inner wail of the welt casing 27 
and the outer waK of me tube 25 H the tube is unfolded 
to its cyTindrical shape 3a The seafing agent is thereby 
squeezed into the annular space sunoundbig the 2S 
unfolded tube 25 and the branch tubing segment 39 and 
provides on curing an adequate seal which also fixes 
the unfolded tube 25 and branch tubing section 36 
tneide the main and the branch wellB 26 and 29. 
[0035] Fig. 6 shows a folded tube 41 which has a set 30 
of four grooves 42. 43. 44 and 45 at its upper skle and a 
Single tubultf hinge 46 at its tower side. 
[0036] The tubular Nnge 46 provides an area where 
the wal of the tube is more ftaxfole than the other parts 
ofthetube4l,aparttantheareasofthetUbe41adSa- 35 
cent to the grooves 43^. 

[0037] The tubito hinge 46 provides moreoMsr an 
area where the wan of the tte can be deformed in dr* 

cumferential direction during the mfblding procedure 
[0038] After conpletion of the unfolding procedure the 40 
intertor 47 of the tubiiar hi[ige 46 can be fiDed with a f il- 
ing agent which provides stpport and foes the tiAular 
hinge 46 in its expended position. The interior 47 of tt>e 
tubular Nnge 46 may also contain electric or hydrau&c 
condiits for transmission of electric and/or hydraufic 45 
power and^or si^tals atong the length of the tube 41 . 
[0039] Fig. 7 shows an embodiment of the fofoable 
tube accorcfing to the invention where the tube SO com- 
prises at its upper side three mutually parallel axial or 
heical grooves 51. 52 and 53 which define three plastic so 
hinges that allow the upper side of the tube 50 to be 
folded inwardly as iBustrated by phantom lines 54 and 
arrows 55. 

[0040] After ttie upper side of the tube SO has been 
folded Inwardly the outer widm of the lower side of the ss 
tube 50 can be reduced as illustrated by anows 56 by 
puNing a drcumterential or helical wire (not shovn) 
around the ttius folded tite 50. 



[0041] The tube 50 is ttien unfolded by increasing ttie 
hydraulic pressure in ttie interior of me tube 50 which 
breaks me wire and induces the tube SO to unfold into Hs 
cylindrical shape shown in Bg. 7. 
[0042] Fig. 8 shows an embodiment of the foldable 
tube according to me invention where the folded tUbe 57 
has a delta-shape and comprises at each corner a 
delta-shaped recess 58. 

[Q043] Each delta-shaped recess 58 is formed by 
bending ttie tips of me legs of a U-shaped recess 
towards each ott>er and each recess is defined by a set 
of fbur plastic Nnges 59, 60, 61 and 62 where me wall 
Of me tube 57 is more flexible tttan at ottMr parts of me 
tobe57. 

[0044] The fate 57 is unfolded by increasing me 
hydraulic pressure In me Interior 63 of ttie tube 57 wNch 
causes ttie fajbe 57 to o^iand in ttie dfa'ection of me 
anows 64 80 ttiat ttie recesses 58 are removed. By fur- 
ttier increasing me hydraufic pressure in ttie interior 63 
of ttie tube 57, ttie fajbe 57 is brought into a cylindricai 
shape (not shown). 

[0045] Fig. 9 shows a tJbe according to me invention 
where ttie tJbe 65 comprises a set of four anal plasti- 
cally detar mable hinges 66. 67. 68 and 69 at its upper 
side and also a set of four axial ptasticalty deformable 
Nnges 70. 71. 72 and 73 at its tower fiida 
[0046] Each set of four hinges e&«9 and 70-73 
def ines a delta-shaped recess 74 and 75. respectively 
[0047] The two hinges 66 and 69 at me top of me 
folded tube 65 and also ttie two hinges 70 and 73 at ttie 
bottom of ttie tube 65 have been brazed togettier. The 
ttujs formed brazed joints 76 and 77 aeated a sea) 
t>etween me interior of ttie delta-shaped recesses 74 
and ttie exterior 78 of me tut>e 65. 
[0046] ThefaJbe65iS8UtabletobeusedinitsQlusr 
tnaled folded shape as a drill pipe where driUng mud is 
punped ttvough ttie interior 79 of ttie tube 65 and 
ttvough ttie delta-shaped recesses 74 and 75 to a drill 
bit (not shown). 

[0049] Afteraboreholesectionhasbeendrilledacas- 
ing ismen created by inflating me fai>e 65 using ahigh 
pressurefluid or expanston mandrel (not shown) so ttiat 
me brazed joints 76 and 77 break open and me tube 65 
unfolds into its cylindrical shape as aiustrated by aRCMs 
80. The drill bit is men pufled to surface on a wirefine or 
coiled tubing passing ttvough me interior 79 of me 
eD(panded tut)e 65. 

[0050] The tube 65 and also ttie tube conTtgurations 
iBustrated in ttie omer drawings can be spooled around 
a reeling dnjm in meir folded shape and reetod from ttie 
dnjm into an underground borehole to provide a lining of 
me borehole wall or Inside a corroded or damaged well 
tubular. 

[0(^1] The wails of me tube according to me invention 
may comprise sieve openings of a predetermined size 
so ttiat me tube provides a well saeen which is towered 
into me borehole in its folded shaped and ttien unfotoed 
downhole by moving an expanston mandrel ttirough me 
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tiiM or by inflating a balloon in the interior ol lha tuba 
•Rieunfokflno procedure does not vary the sieve open- 
ing 6ize 60 thai unfolded tube providea a sandsaeen 
with a well defined sieve opening size. 

Ctalms 

1. A Ibldabte tube comprising a tubular wall having at 
least three elongate relatively flexible areas where 
the wal is more flaxifale than other areas of the waR, 
which areas are oriented in a sitetantany parallel 
direction relative to each olher along at least a sUh 
stanfial part of the length of the tdbe so thai in use 
said areas from plastic hinges which define a woB 
segment that is inwardly foldable to bring the tiA>e 
into a contracted shape. 

2. The feldable tube of daknl wherein said relatively 
flaidbia areas are formed by through-shaped 
groowas in the wall of the tube. wWch (^QOVBs are 
oriented inaparaleiorheficaldnracion relative toa 
longitudinal axis of the tuba. 

3. Tbe1bldafaletubeofdaim3whareinatleastoneset 
of four grooves is arranged in the wal of the tube 
such that each set of four grocves deHnes a tube 
ae^nent that can be folded as a delta- or U-shaped 
recess inwaidly into the tube. 

4. ThefblddMetUbeofcl^ma wherein twosetsof four 
grooves are arranged synvnekrically at opposite 
sides Of the tube such that if the tube is folded into 
a contracted shape two delta* or U-shaped 
recesses are formed at oppoeite aides of the tube. 

& The fdkMe tube of daim 3 wherein a single 
groove is ananged in the inner wal at one side of 
the tube and a set of four gfoovea is ananged at an 
opposite side of the inner wall of tie tube. 

6. The loldable tube of daim 5 wherein a branch tube 
is.secured around a window in the wall of tfie tiAie 
which window is located between said angle 
groove in said one half of the tube and an acjacent 
groove of said set of four grooves at said oppostta 

side of the tuba 



that the branch tUbe is positioned at the entrance of 
the branch well near the branchpoint 

9. The foldable tube of daim 1 wherein the tube is 
5 made of steel. 

ia The foldable tube of daim 1 wherein the tube is 
made of a plastic material. 

10 11. A method of pladng a foldable tube according to 
daim 1 in a tubular cavity, the method comprising 
toiserting the tube folded in its Gortracted shape into 
ttie cavity, unfolding the tube into its substantially 
cyindrical shape aft a selected location wilNn the 

IS cavity and securing the tube within the cavity. 

12. The method of daim 11 wherein the tube com- 
prises at least one set of fou grooves acoofdmg to 
daim 3 wNch grooves define a delta- or U-shaped 

20 recess when the tube is inserted into the cavity and 
a tUbUar container containing a sealing agent is 
vranged wftNn said recess when the tube is 
inserted into the cavity, wtiich container is 
yyiftflg<rf arvl breaks open as a result of the 

ss tfifokSng of the tube within the cavity and sealing 
agent is released into the annular space between 
the unfolded tube and the wall of the cavity, which 
sealing agent is then allowed to create an annular 
seal between the unfolded tube and the cavity watt. 

30 

13. The method of daim 11 wherein the tube is 
unfdded by inserting a seafing plug at one end of 
the tLi)e arid pumping a high pressure fluid into the 
other end of the lube. 

95 
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7. The foldable tube of any preceding daim wherein 
the Ibldabia tLiM is a well tubular which is insertable 

In a oontraded shape into the well and expandable 50 
downhde into a subctantiafly cyUndrical shape. 

8. The foldable ttoB of daim 6 wherein the tube is a 
welt casing at a branchpoint in an underground wefl 
and the biandi tube forms part of a well casing or ss 
liner in a weB branch, and the tube is insertaUe in a 
contraded shape into the welt and eRpandafaie 
downholeintoasubstantiallycynndrical shape such 
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Fig.3. 




Fig.4. 
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